Abstract The identification and characterization of stem cells for various tissues has led to a greater understanding of development, tissue maintenance, and cancer pathology. Stem cells possess the ability to divide throughout their life and to produce differentiated daughter cells while maintaining a population of undifferentiated cells that remain in the stem cell niche and that retain stem cell identity. Many cancers also have small populations of cells with stem cell characteristics. These cells have been called cancer stem cells and are a likely cause of relapse in cancer patients. Understanding the biology of stem cells and cancer stem cells offers great promise in the fields of regenerative medicine and cancer treatment. microRNAs (miRNAs) are emerging as important regulators of post-transcriptional gene expression and are considered crucial for proper stem cell maintenance and function. miRNAs have also been strongly implicated in the development and pathology of cancer. In this review, we discuss the characteristics of various stem cell types, including cancer stem cells, and the importance of miRNAs therein.
Stem cell biology
Stem cells are undifferentiated cells that are defined by their ability for lifelong self-renewing division that results in a daughter that can differentiate and a daughter that remains a stem cell. The two major stem cell classes are embryonic stem (ES) cells and adult stem cells. ES cells are considered pluripotent and can be isolated from an embryo at the blastocyst stage (Martin 1981) . These cells are capable of differentiating into a large number of disparate cell lineages in cell culture (Keller et al. 1993; Kennedy and Keller 2003) . Stem cell populations have been identified in many adult tissues. These cells are essential for maintaining tissue homeostasis in the adult. Examples of adult stem cells include hematopoietic stem cells (Goodman and Hodgson 1962) , which give rise to all of the cells in the blood, and neural stem cells (Williams et al. 1991; Kilpatrick and Bartlett 1993; Morshead et al. 1994) , which give rise to neurons and glial cells in the nervous system. Stem cells of different classes are likely to display similarities that can be studied in model systems (e.g., mouse ES cells or germline stem cells (GSCs) in the fruit fly Drosophila melanogaster) to further our knowledge of general stem cell biology.
The formation of embryonic tissues and the regeneration of adult tissues in the animal kingdom both depend on stem cells. ES cells are considered pluripotent because of their ability to become almost any cell type if placed into an appropriate context (Boiani and Scholer 2005) . Adult stem cells are undifferentiated cells that reside in microenvironments known as niches, and they possess the ability to produce an undifferentiated stem cell and a daughter cell that may differentiate (Fuchs and Whartenby 2004) . Interestingly, recent data suggest that human ES cells (hESCs), in some situations, are able to generate their own niche. One such instance is the in vitro production of hESC-derived fibroblasts (hdFs) that are responsive to basic fibroblast growth factor, and that surround the hESCs from which they spontaneously differentiate. These hdFs are the apparent source of paracrine signals, such as insulin-like growth factor-II and transforming growth factor-β1, that sustain self-renewal and pluripotency in hESCs (Bendall et al. 2007 ), although analysis of hESC markers suggest that hdFs alone maintain the hESCs at a lower efficiency than the mouse embryonic fibroblasts that are typically used as feeder cells . However, conditions also exist in which the niche is not observed or required for hESC growth, as is the case with human embryonic carcinoma cells that express hESC markers (i.e., Oct4, Sox2, and Nanog) and, like hESCs, exhibit self-renewal and pluripotency ). Stem cells are controlled by extrinsic signals from their regulatory niche and also by intrinsic factors, including the hyperdynamic plasticity of chromatin proteins (Xi and Xie 2005; Meshorer et al. 2006) . Unlike other cell types, many stem cell populations retain the capacity to divide for the entire life of the organism (e.g., for over 4,700 years in the bristlecone pine tree "Methuselah"). However, this division must be carefully regulated because too few divisions will result in a loss of tissue homeostasis, whereas too many divisions might result in cancer.
Recent data suggest that stem cells have a special bivalent chromatin state that remains silenced, yet poised for differentiation; several transcription factors influence this chromatin state in ES cells. Nanog, Oct4, and Sox2 are turned on shortly after fertilization and are required to specify inner cell mass and to derive ES cell lines (Niwa 2007) . A genome-wide analysis has shown sites of cooccupancy by all three factors in key regulatory genes, including some Hox genes (Boyer et al. 2005; Bernstein et al. 2006) . Additionally, four transcription factors, viz., Oct-4, Sox2, Klf4, and c-Myc, can convert mouse embryonic fibroblasts into ES cell like cells or germline competent pluripotent cells (Takahashi and Yamanaka 2006; Okita et al. 2007; Wernig et al. 2007) .
Researchers have discovered characteristic combinatorial expression patterns of genes that are routinely used to confirm stem cell identity. In hESCs, the transcription factors Nanog, Oct4, and Sox2 (Nichols et al. 1998; Velkey and O'Shea 2003; Moorthy et al. 2005; Mossman et al. 2005; Tai et al. 2005; Loh et al. 2006; Babaie et al. 2007) are expressed in the hESCs but not in the differentiated daughter cells. Similarly, the expression of Sca-1 and c-Kit in the absence of Flk-2, Lin, and CD48 expression forms the signature for hematopoietic stem cells (Flk-2 − Sca-1
− ; Wiles and Keller 1991; Li and Johnson 1995; McKinstry et al. 1997; Phillips et al. 2000; Donnelly and Krause 2001; Sitnicka et al. 2003) . A detailed understanding of each stem cell population and the differentiation of its daughter cells is essential for the design of effective cell-based therapies.
microRNAs as regulators of stem cell function
Stem cell function is controlled by concerted actions of extrinsic signals and intrinsic factors McKearin 2003, 2005; Song et al. 2004b Song et al. , 2007 Szakmary et al. 2005; Xi and Xie 2005; Meshorer et al. 2006; Ward et al. 2006) . Experimental evidence has suggested that small RNAs regulate the stem cell character in plants and animals (Hatfield et al. 2007 ). Moreover, some microRNAs (miRNAs) are differentially expressed in stem cells, suggesting a specialized role in stem cell regulation (Houbaviy et al. 2003; Suh et al. 2004) . Recent studies in Drosophila and mouse suggest that miRNAs are important regulators for stem cell self-renewal, differentiation and division (Hatfield et al. 2005; Kanellopoulou et al. 2005; Murchison et al. 2005) .
Cellular and developmental processes in which miRNAs play a role
Evidence from multiple systems has demonstrated that the miRNA pathway is necessary for the proper development of organisms. Dicer (a ribonuclease) is essential for proper mouse development (Bernstein et al. 2003) . The developmentally important let-7 and lin-4 genes in Caenorhabditis elegans are now known to encode miRNAs that are expressed in precisely defined temporal windows and repress mRNAs with complementary sequences in their 3′-untranslated regions (UTRs); let-7 interacts with and represses lin-41 mRNA (Slack et al. 2000 ; necessary for repression of lin-29, a gene that encodes an adult cell fatepromoting transcription factor), whereas lin-4 represses lin-14 (Lee et al. 1993; Olsen and Ambros 1999 ; an activator of lin-28, which is required for proper developmental timing). Mammalian HoxB mRNA is targeted by miR-196 and subject to regulation by the miRNA pathway (Yekta et al. 2004) . Moreover, in mammals, the miRNAs miR-1 and miR-133 are important for muscle development , and miR-124 promotes neuronal differentiation (Cao et al. 2007; Makeyev et al. 2007; Visvanathan et al. 2007 ).
Molecular processes in which miRNAs play a role
The miRNA pathway is a form of post-transcriptional gene silencing (PTGS) that uses genomically encoded RNAs (viz., miRNAs), which are 21-23 nucleotides in length, to silence specific genes by targeting the 3′UTR of their mRNAs (Elbashir et al. 2001; Lai 2002) . PTGS is mediated by an endogenous mechanism that uses short doublestranded RNAs (dsRNAs) to direct a complex of proteins known as RISC (RNA-induced silencing complex) to target RNA molecules with complementary sequences (Hammond et al. 2000 (Hammond et al. , 2001b . At the core of RISC is a member of the Argonaute branch of the Argonaute family of RNA-binding proteins (Hammond et al. 2001a; Liu et al. 2004 ). The endogenous machinery that implements the miRNA pathway is also activated either by the introduction of anti-sense RNA that is complementary to endogenous species of mRNA or long dsRNA that is homologous to endogenous or exogenous (e.g., viral) mRNAs.
Small dsRNA types other than miRNAs
In Drosophila, repeat-associated short interfering RNAs (rasiRNAs) have also been characterized as a distinct class of small RNAs that act through Argonaute-family proteins. rasiRNAs are typically 26-27 nucleotides in length, and their function depends on the Piwi-Aubergine branch of the Argonaute family, which consists of the Piwi, Aubergine, and Argonaute-3 proteins (Vagin et al. 2006) , rather than the Argonaute branch, which consists of Argonaute-1 (AGO1) and Argonaute-2 (AGO2), and which is essential for the miRNA and siRNA pathways. In Mus musculus, RNAs of 29-31 nucleotides in length have been found in physical association with Miwi and Mili, murine homolog of Piwi, in pull-down experiments of cell extracts and have been called piRNAs because of their association with the Piwi homolog (Aravin et al. 2006 (Aravin et al. , 2007 Grivna et al. 2006) . Moreover, piRNAs have been identified in Rattus norvegicus (Lau et al. 2006) . piRNAs also possess a 2′-Omethyl group on the 3′ terminal nucleotide, a feature that is shared with plant, but not animal, miRNAs (Yang et al. 2006) . In Drosophila, this methyl group is added to RISCbound single-stranded RNAs by the Drosophila homolog of Arabidopsis HEN1 methyltransferase Saito et al. 2007) . Similarities between features of Drosophila rasiRNAs and mammalian piRNAs, such as the dependence of both on Piwi-Aubergine proteins and the involvement of both in transposon silencing, suggest that these two recently described classes of short RNA are evolutionarily related. miRNA biogenesis Whereas siRNAs are derived from long dsRNA introduced by an infecting dsRNA virus or formed by the hybridization of an ectopically expressed antisense RNA to a complementary endogenous mRNA, metazoan miRNAs are encoded by genes that are transcribed by RNA polymerase II (and in some rare cases, RNA polymerase III). Many of the miRNAs are originally transcribed from the intronic region of mRNAs (Rodriguez et al. 2004 ) and are then excised as primary miRNAs (pri-miRNAs) that are 400-500 nucleotides long and that are processed by the nuclear type III RNase Drosha (Lee et al. 2003; Han et al. 2004) into hairpins of~70 nucleotide-long RNAs containing hairpin structures known as pre-miRNAs. Additionally, some miRNAs, known as mirtrons (Ruby et al. 2007) bypass Drosha processing in Drosophila only. The premiRNAs are subsequently exported to the cytoplasm via Exportin-5. Both pre-miRNAs and long dsRNAs are processed into miRNAs and siRNAs, respectively, by the cytoplasmic type III RNase Dicer (Bernstein et al. 2001) . In Drosophila, there are two known Dicer isozymes ): Dicer-1, which specializes in miRNA production but also has limited siRNA-generating capacity, and Dicer-2, which specializes in siRNA production and has no demonstrated role in miRNA biogenesis. In mice and humans, only one Dicer enzyme has been characterized.
Implementation of miRNAs and other short dsRNAs
The earliest identified protein factors involved in RNA interference (RNAi) and/or their homologs have demonstrated roles in at least four important cellular processes: (1) PTGS, which is also known as quelling in fungi and in certain cases co-suppression in plants; (2) viral defense, which is especially important in plants but also demonstrated in Drosophila; (3) transposon silencing, insuring genomic stability; and (4) chromatin remodeling. PTGS is the process by which a cell is able to regulate specific gene expression by recruiting the Argonaute-driven RISC to target transcripts based on sequence complementarity; miRNAs and siRNAs are the short dsRNA species that can function in RNA; Viral resistance is mediated through the RNAi machinery by cleavage of viral dsRNA species by the cytoplasmic type III RNase, Dicer to produce virusspecific siRNAs that are subsequently recruited into RISC, thereby directing the RISC-mediated destruction of viral gene transcripts based on complementarity to the bound siRNA; in organisms with RNA-dependent RNA polymerases (RdRP), such as Arabidopsis thaliana and C. elegans, this effect can be amplified through the use of siRNAs as primers by RdRP (Dalmay et al. 2000; Smardon et al. 2000) . Work in Drosophila and C. elegans has demonstrated a role for the RNAi machinery in the suppression of transposable DNA elements (transposons), whereby the genome is protected from random insertional mutagenesis by resident transposons that occur in the genome and that might be mobilized and pose a threat to genomic stability. Methylation states of histones (a post-translational modification that is involved in chromatin remodeling and transcriptional control) are also affected by Argonaute-family members (Piwi and Aubergine; Pal-Bhadra et al. 2004) in Drosophila and in fission yeast (Saccharomyces pombe). A RISC-related protein complex named RNA-initiated transcriptional silencer (RITS) is guided by siRNA to regulate the transcription of genes with complementary DNA sequences (Motamedi et al. 2004; Verdel et al. 2004) .
PTGS can be triggered either by the presence of long dsRNA (e.g., the hybridization product of an endogenous mRNA with its ectopically expressed antisense transcript) or by the cytoplasmic form of a genomically encoded hairpin RNA (pre-miRNA) that has partial complementarity to sequences in the 3′UTR of target mRNAs. The long dsRNA or pre-miRNA is cleaved by Dicer (Bernstein et al. 2001 ), a type III dsRNAse, into either siRNAs of uniform length (from long dsRNA) or a single mature miRNA (from the pre-miRNA). The short dsRNA (siRNA or miRNA) is then capable of programming RISC to target mRNAs with complementarity to one of the strands in the short dsRNA. Perfect complementarity between the short dsRNA and the target mRNA (as is the case with siRNAs) will allow RISC to cleave the mRNA and lead to a decrease in the level of transcript, whereas imperfect complementarity (as is the case with miRNAs) will not allow cleavage and leads to translational repression, not necessarily through a decrease in the level of the transcript.
In animals, the nature of the interaction between RISC and the target mRNA depends on which Argonaute protein, viz., AGO1 or AGO2, is present in the RISC (Okamura et al. 2004 ). AGO1 or AGO2 are functionally specialized, even though miRNAs and siRNAs can both be loaded into either AGO1 or AGO2 in drosophila (Forstemann et al. 2007) . AGO2 is essential for miRNA-dependent silencing of target mRNAs and/or siRNA-mediated cleavage of the target and possesses a RNase activity that cleaves the mRNA; this activity is known as "slicer" activity Meister et al. 2004; Song et al. 2004a ) to distinguish it from other forms of mRNA degradation that are miRNAdirected but do not involve cleavage within the dsRNA hybrid. AGO1 possesses detectable slicer activity in Drosophila S2 cells (Miyoshi et al. 2005) , although one study has demonstrated, by using Drosophila embryo lysates, that AGO1 is an inefficient nuclease whose catalytic rate is limited by its reaction products (Forstemann et al. 2007 ). AGO1 is required for slicer-independent miRNA-directed mRNA cleavage (Behm-Ansmant et al. 2006 ) and also appears to be involved in miRNA biogenesis (Okamura et al. 2004) , a process for which AGO2 is dispensable. The removal of the polyA tail of target transcripts is an example of miRNA-directed mRNA degradation (Giraldez et al. 2006; Wakiyama et al. 2007) ; in this scenario, the AGO1-containing RISC recruits proteins that remove the polyA tail, thereby destabilizing the target mRNA by making it vulnerable to exonucleases.
Although the miRNA pathway is found both in plants and animals, there are major differences in the implementation of the pathway. In plants, miRNAs are perfectly complementary to their targets and are not restricted to targeting only the 3′UTR. Furthermore, plants appear to favor translational regulation of target transcripts by miRNA-mediated destruction (Llave et al. 2002) , in stark contrast to the metazoan miRNA pathway which favors translational repression combined with destabilization of the mRNA. Recent studies in the green alga Chlamydomonas reinhardtii have revealed that miRNAs are also present in unicellular organisms (Zhao et al. 2007b) and further indicate that the Chlamydomonas miRNAs direct AGOmediated cleavage of target transcripts in a manner similar to that of miRNAs in higher plants (Molnar et al. 2007 ). In metazoans, most miRNAs are thought to act through translational repression of the target mRNA. However, the mRNA for HoxB is cleaved in a slicer-dependent manner that is directed by miR-196 (Yekta et al. 2004) ; this event has been explained by the finding that only a single mismatch occurs between miR-196 and its target site in HoxB mRNA, and that this mismatch is a G:U base pair that does not destabilize the double-stranded helical region sufficiently to prevent cleavage by the AGO2-driven RISC.
miRNAs in stem cell biology
Recent studies have provided supporting evidence for the model that miRNAs are important factors in stem cell biology and in the determination of cell fate. Algorithmbased studies have predicted interactions between the set of miRNAs expressed in CD34+ hematopoietic stem-progenitor cells (HSPCs) and mRNAs that are present in these same cells, interactions that are critical for hematopoiesis (Georgantas et al. 2007 ). Additionally, in mice, miR-181 expression is sufficient to establish B-lymphoid cell identity (Chen et al. 2004 ). miR-124 has been shown to regulate both alternative splicing and transcription network in promoting neuronal differentiation (Cao et al. 2007; Makeyev 2007; Visvanathan 2007) . The post-transcriptional maturation of let-7, one of the first miRNAs to be identified, is regulated during neural cell specification (Wulczyn et al. 2007 ). miR-206 is known to be highly enriched in rat myogenic cells and is thought to be necessary for the attainment and/or maintenance of the differentiated state (Politz et al. 2006) . The acquisition of a characteristic miRNA expression profile in specific stem cell types would yield valuable information about the mechanisms by which stem cells normally maintain their function and identity.
Importance of miRNAs in stem cells for proper division and maintenance
The importance of Dicer and the miRNA pathway for the proper division and/or maintenance of identity has been confirmed in some stem cell systems. In Drosophila, the lack of Dicer-1, which is essential for miRNA synthesis, in ovarian GSCs results in: (1) a reduction of GSC division frequency and a delay at the G 1 /S transition (Hatfield et al. 2005 ) when dicer-1 −/− GSCs are induced during development; (2) a cell-autonomous failure to be maintained in the GSC niche when GSCs lacking Dicer-1 or its accessory protein Loquacious are induced in adults (Jin and Xie 2007; Maines et al. 2007; Park et al. 2007 ; H.R. Shcherbata et al., in preparation). The ablation of the miRNA pathway by the removal of Dicer from mouse ES cells results in a failure to differentiate, even though ES cell markers continue to be expressed (Kanellopoulou et al. 2005) . Dicer-deficient mouse ES cells also appear to experience a G 1 /S delay similar to that observed in dicer-1 −/− GSCs in Drosophila (Murchison et al. 2005 ).
Specific miRNA expression patterns and functions in stem cells
Although convincing evidence has been presented that miRNAs, as a class of biomolecules, are important in stem cell biology, few studies indicate which individual miRNAs are important for the maintenance and proper function of particular stem cell types. hESCs are known to express a unique set of at least 32 miRNAs relative to their differentiated products (Suh et al. 2004) ; however, the roles of individual miRNAs that are critical for stem cell maintenance and function in hESCs have yet to be determined. In A. thaliana, miR-172 has been implicated as an important regulator of stem cell fate in floral meristems (Zhao et al. 2007a ). More detailed investigations of unique miRNA expression profiles and functional studies of individual miRNAs in different stem cell types will be required before the true importance of the miRNAmediated regulation of stem cell identity and function can be appreciated.
miRNAs in cancer
There is an increasing number of reports of cells isolated, from cancers that are distinct populations with stem cell characteristics, as well as of reports of miRNA involvement in cancer development. The small sub-populations that might function as cancer stem cells are characterized by their resistance to anti-cancer drugs and their implied ability to reconstitute the cancer cell population after treatment of the patient with chemotherapeutic drugs. The identification of these side populations of drug-resistant cancer stem cells and their subsequent characterization might reveal a distinct expression profile that can be targeted by new classes of drugs.
Examples of cancer stem cells
Cancer stem cells have been identified on the basis of being both morphologically and functionally distinct from other cells within the heterogeneous tumor mass, for many human cancers (Hirschmann-Jax et al. 2004; Yuan et al. 2004; Eisterer et al. 2005; Gu et al. 2007; Ho et al. 2007; Wang et al. 2007; Zheng et al. 2007 ). Each of the cancer stem cell types hitherto identified has a cell surface marker signature that differs from that of other cell types in the tumor mass (for a review, see Tang et al. 2007) . Each cancer stem cell type also possesses the ability to reconstitute the cancer in the non-obese diabetic, severe combined immunodeficient (NOD-SCID) mouse. Cancer stem cells with characteristic surface marker signatures have been isolated from acute myeloid leukemia (Bonnet and Dick 1997; Hope et al. 2004) , breast tumors (Al-Hajj et al. 2003 ), brain tumors (Singh et al. 2004) , bone sarcoma (Gibbs et al. 2005) , adult glioblastoma multiforme (GBM; Yuan et al. 2004) , chronic myeloid leukemia (Eisterer et al. 2005) , prostate cancer (Collins et al. 2005; Patrawala et al. 2006) , metastatic melanoma (Fang et al. 2005) , lung cancers including adenocarcinoma (Kim et al. 2005) , head and neck squamous cell carcinoma (Prince et al. 2007 ), colon cancer (O'Brien et al. 2007 Ricci-Vitiani et al. 2007) , colorectal cancer , and pancreatic cancer . Cancer stem cells have also been identified among established cancer cell lines (Zheng et al. 2007; Wang et al. 2007 ). The ability to isolate cancer stem cells allows for detailed studies of cancer stem cell maintenance and establishment. The development of treatments that target cancer stem cells specifically depends on the elucidation of the cellular processes that establish and/or maintain the cancer stem cells. Indeed, two groups have demonstrated that cancer stem cells can be depleted by the pharmacological inhibition of the intercellular signaling pathways that support their tumorigenicity. Elevated Notch signaling is a hallmark of the CD133+ cancer stem cells in embryonal brain tumors, and inhibition of Notch pathway signaling by γ-secretase inhibitors causes a depletion of CD133+ stemlike cells in these tumors (Fan et al. 2006) . The Hedgehog signaling pathway is highly active in non-neoplastic stem cells and has been suspected to act in the establishment of cancer stem cells that initiate GBM. The inhibition of Hedgehog signaling by the administration of cyclopamine to GBM neurospheres renders them unable to form new neurospheres when transplanted to cyclopaminefree media (Bar et al. 2007 ). Once molecular targets are identified for the various cancer stem cell types, the process of developing therapeutic with minimal side effects can begin.
Aberrant miRNA expression in cancer stem cells Although no studies have been published, to date, describing miRNA profiles specific forcancer stem cells, there is direct evidence that specific miRNAs are instrumental in the establishment and/or progression of various cancers. In head and neck cancer cell lines, miR-21 and miR-205 are differentially up-regulated and are both predicted to act as oncogenes by targeting the transcripts of tumor suppressor genes (Tran et al. 2007 ). In some human cancer cell lines, miR-124a has been shown to be epigenetically silenced by CpG islands in a manner typically observed for some tumor suppressor genes (Lujambio et al. 2007 ). Five miRNAs are transcriptionally up-regulated in papillary thyroid carcinoma tumors (He et al. 2005a ). In breast cancers, miR-21 has been implicated as an oncogene whose overexpression leads to tumorigenesis, possibly because of severe repression of tumor suppressor genes such as Tropomyosin-1 Zhu et al. 2007 ). miR-372 and miR-373 have been identified in a screen as possible oncogenes in testicular germ cell tumors (Voorhoeve et al. 2006 ). The human mir-17-92 polycistron (cluster) is overexpressed in B-cell lymphoma development (He et al. 2005b; Dews et al. 2006 ) and lung cancers (Hayashita et al. 2005) . Some cancers are possibly caused by viral oncogenic miRNAs that are introduced during infection, such as in the case of Kaposi's sarcoma (Cai et al. 2005) .
Specific miRNAs are not only found to be upregulated in cancer cells; the absence of key miRNAs has also been noted. In pituitary adenomas, miR-15 and miR-16 are down-regulated (Bottoni et al. 2005) . In mice, miRNAs are frequently located at cancer susceptibility loci (Sevignani et al. 2007 ). In breast cancer, the mir-17-5p cluster has been implicated as a tumor suppressor that is expressed at decreased levels (Hossain et al. 2006) . In KMCH cholangiocarcinoma, miR-29 appears to function as an tumor suppressor gene whose normal regulation of the anti-apoptotic protein Mcl-1 (Mott et al. 2007 ) is relieved when miR-29 function is lost, thus preventing the programmed cell death of cancerous cells. miR-15 and miR-16 appear to function as tumor suppressor genes in chronic lymphocytic leukemia by losing their ability to regulate the anti-apoptotic protein Bcl2 when these miRNAs are down-regulated or deleted (Cimmino et al. 2005 ).
Abberant miRNA expression in cancer stem cells An understanding of the biology of cancer stem cells and the involvement of aberrantly expressed miRNAs might provide therapeutic targets for next-generation anti-cancer drugs that should eliminate the cancer-initiating cells and greatly reduce the risk of patient relapse. Functional studies of specific miRNAs within the cancer stem cells of various cancers will be crucial for the elucidation of the mechanisms behind oncogenesis in various cancers. miRNAs that are identified as oncogenic, which promote cancer when expressed at reduced levels (in contrast to protein-coding oncogenes, which are over-expressed or constitutively active in cancers), could be targeted by locally administered antagomirs (Krutzfeldt et al. 2005) . On the other hand, miRNAs that can be classified as tumor suppressors but that promote cancer when down-regulated might be candidates for suicide gene therapy if an appropriate viral vector system can be designed to target the particular cancer stem cell. However, much greater insight into the roles that miRNAs play in the survival and maintenance of cancer stem cells will be required before their potential as pharmacological targets can be fully realized.
